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Branching ratios of the decays of ψ(3770) and Υ(10580) into light hadrons.
N. N. Achasov∗ and A. A. Kozhevnikov†
Laboratory of Theoretical Physics, S. L. Sobolev Institute for Mathematics, 630090, Novosibirsk, Russian Federation
(Dated: August 8, 2018)
Taking into account the new data on the full width of D∗±(2010) and the mass difference
of the charged and neutral beauty mesons B±, B0, B¯0, the branching ratios of the decays
ψ(3770),Υ(10580) → pi+pi−, KK¯, ρ(ω)pi, ρ(ω)η, ρ(ω)η′, K∗K¯ + c.c, ρ+ρ−, and K∗K¯∗ are re-
evaluated in the model in which the Okubo-Zweig-Iizuka rule is violated due to the real intermediate
state DD¯ in case of ψ(3770) and BB¯ in case of Υ(10580). The inclusive annihilation of ψ(3770)
and Υ(10580) into light hadrons is discussed.
PACS numbers: 11.30.Rd;12.39.Fe;13.30.Eg
I. INTRODUCTION
Long ago we attracted attention to the decays of heavy quarkonia ψ(3770) and Υ(10580) lying just above the
corresponding open charm and beauty production thresholds, into the states consisting of light mesons [1]. Such
decays are interesting from the point of view of the study of the two-step mechanism of the Okubo-Zweig-Iizuka
(OZI) rule violation [2]. Recently interest in non-heavy-quark decays of heavy vector quarkonia was renewed [3].
As was argued in Ref. [1], the small branching ratios of the decays J/ψ(1S) → ωπ0, ωη, ωη′, ρπ, ρη, ρη′,K∗K¯ +
c.c., φη, φη′ and Υ(1S) → ρ0π0, π+π−,KK¯ can be understood in the framework of the dispersion approach as the
cancellation of the contributions of the intermediate states DD¯, D∗D¯ + c.c., D∗D¯∗ and so on in the case of J/ψ(1S)
[or BB¯, B∗B¯ + c.c., B∗B¯∗ and so on in the case of Υ(1S)]. In the meantime, there is no reason for large suppression
of the contribution of each specific intermediate state. The cancellation can be violated when new channel opens.
Such a situation takes place, apparently, for the states ψ(3770) and Υ(10580) whose decay into light hadrons proceeds
via the real intermediate states D+D− + D0D¯0 and B+B− + B0B¯0, respectively. Hence, say, the ψ(3770) decay
amplitude to the pair of mesons M1 and M2 is approximated by its imaginary part which can be obtained from the
unitarity condition,
ImMψ(3770)→DD¯→M1+M2 =
1
2(2π)2
∫
d3qD
2ED
d3qD¯
2ED¯
δ(4)(qD + qD¯ − qM1 − qM2)×
M∗DD¯→M1M2Mψ(3770)→DD¯, (1)
where
Mψ(3770)→DD¯ = gψ(3770)DD¯ǫµ(qD − qD¯)µ,
ǫµ being the polarization four-vector of the ψ(3770), and MDD¯→M1M2 is the DD¯ → M1M2 transition amplitude
caused by the meson exchange with the nonzero heavy flavor quantum number. The case of Υ(10580) is obtained
from Eq. (1) by the evident replacements. The necessary diagrams representing the amplitudes are given in Ref. [1].
Since, first, the new crucial data on the full width of D∗±(2010) and on the mass difference of charged and neutral
B mesons have appeared [4], second, there are the plans to study such decays of the ψ(3770) meson with the upgraded
CLEO-c facility [5], and, third, there is a huge number of the Υ(10580) mesons produced at BABAR [6] and BELLE
[7] that exceeds 3 × 108, here, in Section II, we re-evaluate the branching fractions of the ψ(3770) and Υ(10580)
decay modes advertised above, taking into account the above progress of the experiment. The inclusive annihilation
of ψ(3770) and Υ(10580) into light hadrons via the mechanism under discussion is considered in Section III. Note
that such a consideration was absent in Ref. [1]. In addition, the Coulomb interaction effects between D+D− and
B+B− are discussed in Section IV. Section V is devoted to a brief discussion of the background problem and our
hopes. Appendix contains some cumbersome technical details of calculation of the ψ(3770) and Υ(10580) decays into
two vector states, which were not adduced in Ref. [1].
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2II. EXCLUSIVE DECAYS
First, we give the expressions for imaginary part of the effective coupling constants of ψ(3770) to the π+π−
and ωπ0 states. They can be obtained upon using the following expressions for the amplitudes MD+D−→pi+pi− and
MD+D−→ωpi0 :
MD+D−→pi+pi− = g
2
D∗Dpi+(qpi+ + qD+ , qpi− + qD−)
exp[λD∗(t−m2D∗0)]
m2D∗0 − t
, (2)
MD+D−→ωpi0 = 2gD∗DωgD∗Dpi0εµνλσ(qω)µων(qpi0)λ(qD−)σ
exp[λD∗(t−m2D∗+)]
m2D∗+ − t
, (3)
where εµνλσ is totally antisymmetric unit tensor, ε0123 = −1, ων is the ω meson polarization four vector, the four-
momentum (qa)λ is labelled by the name a of the corresponding particle, t = (qD+ − qpi+)2, and (a, b) = a0b0 − ab
denotes the scalar product of the two four-vectors a = (a0,a) and b = (b0, b). Note that the account is taken of
the possibility of the non-point-like D∗ exchange by means of introducing the form factor whose exponential form is
parameterized by the slope λD∗ to be specified below. The expressions for another isotopic state D
0D¯0 are obtained
upon the evident replacements. The integration over the two-particle intermediate states is reduced to the integration
over cosine of the angle x = cos θ between the direction of the momenta of the intermediate D meson and the final
meson M1:
1
(2π)2
∫
d3p1
2E1
d3p2
2E2
δ(4)(q − p1 − p2)M∗DD¯→M1M2Mψ(3770)→DD¯ =
|p1|
8πs1/2
∫
d cos θ ×
M∗DD¯→M1M2Mψ(3770)→DD¯. (4)
This results in the expressions for imaginary parts of the required coupling constants:
Imgψ(3770)→pi+pi− =
gψ(3770)DDg
2
D∗Dpi+
16πs1/2q2pipi
{
qD+D−
[
s−m2D+ −m2pi +
1
2
(
m2D∗0+
(m2D+ −m2pi)2
m2D∗0
)]∫ 1
−1
dx
x exp[2λD∗qD+D−qpipi(bD+D− + x)]
bD+D− + x
∓
contribution of D0D¯0 intermediate state
} ≈
−4g2D∗Dpi+r∓ exp(−sλD∗/2), (5)
bD+D− =
2(m2D+ +m
2
pi −m2D∗0)− s
4qD+D−qpipi
, (6)
and
Imgψ(3770)→ωpi0 = −
gψ(3770)DDgD∗DωgD∗Dpi0
8πs1/2qωpi
{
q2D+D−
∫ 1
−1
dx
1− x2
aD+D− + x
×
exp[2λD∗qD+D−qωpi(aD+D− + x)]∓
contribution of D0D¯0 intermediate state
} ≈
4gD∗DωgD∗Dpi0r∓ exp(−sλD∗/2), (7)
aD+D− =
m2D+ +m
2
ω −m2D∗+ − s1/2Eω
2qD+D−qωpi
. (8)
Hereafter s1/2 = mψ(3770) [mΥ(10580)] when discussing the decays of ψ(3770) [Υ(10580)], respectively. The contribution
of the D0D¯0 intermediate state can be obtained from the D+D− one in Eqs. (5), (6), (7), and (8) by the evident
replacements. In the above formulas, the approximate expressions containing r∓, where
r∓ =
gψ(3770)DD
6πm3ψ(3770)
· (q3D+D− ∓ q3D0D¯0) (9)
3are valid near threshold assuming the approximate degeneracy of D∗ and D mesons [1]. The sign plus (minus)
corresponds to the situation when isospin is conserved (violated) in the course of decay,
Eb =
1
2ma
(m2a +m
2
b −m2c),
qbc =
1
2ma
×
√
[m2a − (mb −mc)2]× [m2a − (mb +mc)2] (10)
are, respectively, the center-of-mass energy of the particle b, the momentum of the particle b (or c) in the final state
of the decay a→ b+ c expressed through the masses ma,b,c. The necessary coupling constants are evaluated as
|gψ(3770)DD¯| =
[
6πm2ψ(3770)Γψ(3770)→D+D−+D0D¯0
q3D+D− + q
3
D0D¯0
]1/2
= 13.4, (11)
|gD∗Dpi+ | =
[
6πΓD∗± (BD∗±→D0pi± +BD∗±→D±pi0)
q3D0pi± +
1
2q
3
D±pi0
]1/2
= 9.1, (12)
where gD∗Dpi0 =
1√
2
gD∗Dpi+ . [Compare 9.1 in the right hand side of Eq. (12) with the figure of 4.5 resulting from
the quark counting rule relation |gD∗Dpi+ | ≈ |gK∗Kpi+ |.] The coupling constant gD∗Dω cannot be found from existing
data. We choose the quark counting rule to obtain its magnitude:
gD∗Dω ≈ gK∗Kω ≈ 1
2
gωρpi = 7.2 GeV
−1, (13)
where gωρpi = 14.3 GeV
−1 is obtained from the branching ratio Bω→pi+pi−pi0 . Another relations necessary for obtaining
the rates of the decays ψ(3770)→ ωη, ωη′, ρπ, ρη, ρη′ from Bψ(3770)→ωpi0 are
gD∗Dη ≈ −
√
2
3
gD∗Dpi0 ≈
√
2gD∗Dη′ , gD∗0D0ω = −gD∗0D0ρ = gD∗+D−ρ, (14)
where the quark content η =
√
1
3 (uu¯+dd¯−ss¯), η′ =
√
1
6 (uu¯+dd¯+2ss¯) corresponding to the pseudoscalar mixing angle
θP = −19.5◦ is understood. To obtain Imgψ(3770)→K¯0K0 [Imgψ(3770)→K−K+ ] from Imgψ(3770)→DD¯→pi+pi− , one should
take into account the unique intermediate stateD+D− (D0D¯0) and theD∗s exchange in the amplitudeD
+D− → K¯0K0
(D0D¯0 → K−K+), and make the proper replacement in the coupling constants. The necessary relation is
gD∗+s D+K0 = gD∗+D0pi+ . (15)
Imgψ(3770)→DD¯→K¯∗K can be found from Imgψ(3770)→DD¯→ωpi0 in the same manner as in the above case of the pseu-
doscalar final state. The necessary relations are
gD∗sDK∗ ≈
√
2gD∗D∗pi0 ≈
√
2gK∗K∗pi0 ≈
gωρpi√
2
. (16)
The partial widths of the decays to the pair of pseudoscalars PP and vector+pseudoscalar V + P are
Γψ(3770)→PP =
|gψ(3770)PP |2
6πm2ψ(3770)
q3PP , Γψ(3770)→V P =
|gψ(3770)V P |2
12π
q3V P . (17)
The adopted approximation permits one to take qPP ≈ qV P ≈ 12mψ(3770).
The amplitude of the decay ψ(3770)→ ρ+ρ−,K∗K¯∗ contains four independent structures:
M(V → V1V2) = 1
2
g1(ǫ
(V ), q1 − q2)(ǫ(V1), ǫ(V2)) + g2(ǫ(V2), q1)(ǫ(V ), ǫ(V1)) +
g3(ǫ
(V1), q2)(ǫ
(V ), ǫ(V2)) +
1
2
g4(ǫ
(V ), q1 − q2)(ǫ(V1), q2)(ǫ(V2)), q1), (18)
4where ǫ(V1,2), q1,2 stands for the polarization and momentum four-vectors of the corresponding vector particle. The
partial width is
Γψ(3770)→ρ+ρ−(s) =
q3ρρ
24πs
{
2
[
|g1|2 + (|g2|2 + |g3|2) s
m2ρ
]
+
|g1 + (g2 − g3)s
1/2
mρ
+Gq2ρρ|2
}
, (19)
where s = m2ψ(3770),
G =
1
m2ρ
[
2g1 +
2s1/2(g2 − g3)
(s1/2 + 2mρ)
+ g4s
]
. (20)
The derivation of the expressions for imaginary parts of the coupling constants g1,2,3 and G is outlined in Appendix.
The results for theK∗−K∗+ (K¯∗0K∗0) final state are obtained from the ρ+ρ− one by taking the uniqueD0D¯0 (D+D−)
intermediate state contribution to the unitarity relation Eq. (1) and allowing for the exchanges Ds and D
∗
s in the
DD¯ → K¯∗K∗ reaction, and by using the quark counting rule relations |gK¯∗0D+D−s | =
√
2|gρ0DD|, |gK¯∗0D+D∗−s | =√
2|gD∗Dρ0 |.
We use λD ≈ λD∗ = 0.27 GeV−2 and λB ≈ λB∗ = 0.04 GeV−2, that is, as before in Ref. [1] we expect that
λD,D∗ ∼ 1/m2D∗ and λB,B∗ ∼ 1/m2B∗ . In addition, as before in Ref. [1], we take into account the two-fold suppression
of the amplitudes due to the absorption in the final state. As a result, the branching ratios are suppressed by factor
30 in comparison with the ones calculated in the model with the point like exchange. If to take courage for use the
Regge exchange [8] at low energy, ln(s/s0) ≈ 1, one get the branching ratios nearly our ones. So we hope that our
estimations are conservative enough.
The resulting branching ratios, together with the expected number of events adopted to the recent or planned
CLEO integral luminosity [5], and the ratio of the signal to the exclusive background estimated in the simple vector
dominance model are collected in Table I. Note that the absorption suppression factor 1/4 is excluded in the case of
the final states containing J/ψ meson because both the intermediate and final states in the reactionDD¯ → J/ψ+π0(η)
are in the threshold region.
Almost all said above about ψ(3770) can be translated to the case of Υ(10580) ≡ Υ(4S) meson decays to light
mesons by means of the replacements ψ(3770) → Υ(10580), c → b,D → B,D∗s → B∗s etc. The suppression due to
the vertex form factor and the absorption in the final state is assumed to be the same as in the case of ψ(3770). The
difference is that the electromagnetic mass difference of the vector B∗+ and B∗0 mesons is not known. Our assumption
is the above mass difference is vanishing. Using the quark model relations expressing all unknown coupling constants
through the known ones which are analogous to those used in the case of the ψ(3770) decays, one can evaluate the
branching fractions of the Υ(10580) decays. The results of this evaluation, again taking into account the still unruled
possibility of the isospin I = 1 are given in the table II. Note that the absorption suppression factor 1/4 is excluded
in the case of the final states containing Υ(1S) meson because both the intermediate and final states in the reaction
BB¯ → Υ(1S) + π0(η, η′) are in the threshold region. Also given is the ratio of the signal to the exclusive background
estimated in the simple vector dominance model.
III. INCLUSIVE DECAYS
Let us discuss the inclusive annihilation ψ(3770) and Υ(10580) into light hadrons, ψ(3770)→ D+D−+D0D0 → X
and Υ(10580)→ B+B−+B0B0 → X . Supposing that the isotopic symmetry is broken only by the mass difference of
charge and neutral particles in an isotopic multiplet and by electromagnetic interaction between D+D− and B+B−,
we can express the total branching ratios of the decays of ψ(3770) and Υ(10580) into light hadronsX via the branching
ratios of the ψ(3770)→ DD and Υ(10580)→ BB decays and the annihilation cross-sections of the DD and BB real
intermediate states into light hadrons X∑
X
B
V→P+P−+P 0P 0→X =
(
m2V v
2
P /48π
)×B
V→P 0P 0 ×
∑
X
[
1 + (−1)IX+IV |cP± |2 × (vP±/vP 0)3
]2
× σP
(
P 0P 0 → X
)
, (21)
5TABLE I: Branching ratios of the ψ(3770) decays into the pair of light mesons. Also estimated is the expected number of events
N1,2, where 1 and 2 correspond to the integral luminosity
∫
Ldt = 60.3pb−1 and 3fb−1 attained and planned at CLEO-c[5].
The quantities without (with) parentheses correspond to the isospin I = 0 taking place in the model of cc¯ quarkonium or
DD¯ molecule/four-quark state with zero isospin (DD¯ molecule/four-quark isovector state). The charged and neutral pairs of
strange particles have coincident branching ratios for both values of isospin.
mode f Bψ(3770)→f N1 N2 signal/background
pi+pi− 3× 10−5(7× 10−4) 20 (490) 1000 (24500) 0.1 (2)
K+K− 9× 10−5 60 3000 0.2
K0K¯0 9× 10−5 60 3000 5
ωpi0 6× 10−5(2× 10−3) 40 (1400) 2000 (70000) 0.004 (0.1)
ωη 1× 10−3(4× 10−5) 700 (30) 35000 (1550) 2 (0.1)
ωη′ 5× 10−4(2× 10−5) 350 (10) 17500 (500) 2 (0.1)
ρpi 5× 10−3(2× 10−4) 3500 (140) 175000 (7000) 1 (0.05)
ρη 4× 10−5(1× 10−3) 30 (700) 1500 (35000) 0.01 (0.4)
ρη′ 2× 10−5(5× 10−4) 15 (350) 750 (17500) 0.01 (0.4)
K∗+K− + c.c 8× 10−4 560 28000 0.5
K∗0K¯0 + c.c 8× 10−4 560 28000 0.05
ρ+ρ− 7× 10−5(2× 10−3) 40 (1400) 2000 (70000) 0.003 (0.007)
K∗+K∗− 4× 10−4 270 14000 0.01
K∗0K¯∗0 4× 10−4 270 14000 0.3
J/ψ + pi0 2× 10−5 (5× 10−4) 15 (350) 750 (17500) −
J/ψ + η 8× 10−5 (3× 10−6) 60 (2) 3000 (100) −∑
f
Bψ(3770)→f 0.009 (0.009) ∼ 6000 (∼ 6000) ∼ 3× 10
5(∼ 3× 105)
Bψ(3770)→3gluons 2× 10
−4
− −
TABLE II: Branching ratios of the Υ(10580) decays into the pair of light mesons. Also estimated is the expected number of
events N corresponding to the integral luminosity
∫
Ldt = 81.7fb−1 attained at BABAR [6]. The number of events expected
in the whole statistics
∫
Ldt = 140fb−1 at BELLE [7] is obtained by multiplying N by the factor 1.7. The quantities without
(with) parentheses correspond to the isospin I = 0 taking place in the model of bb¯ quarkonium or BB¯ molecule/four-quark state
with zero isospin (BB¯ molecule/four-quark isovector state). The charged and neutral pairs of strange particles have coincident
branching ratios for both values of isospin.
mode f BΥ(10580)→f N signal/background
pi+pi− 7× 10−8 (9× 10−5) 20 (2.7× 104) 0.03 (40)
K+K− 2× 10−5 6000 6
K0K¯0 2× 10−5 6000 150
ωpi0 1× 10−6 (1× 10−3) 300 (3× 105) 0.001 (2)
ωη 9× 10−4 (7× 10−7) 3× 105 (240) 40 (0.03)
ωη′ 5× 10−4 (4× 10−7) 1.5× 105 (120) 40 (0.03)
ρpi 4× 10−3 (3× 10−6) 1.5 × 106 (1200) 30 (0.02)
ρη 7× 10−7 (1× 10−3) 240 (3× 105) 0.006 (7)
ρη′ 4× 10−7 (5× 10−4) 120 (1.5× 105) 0.006 (7)
K∗+K− + c.c 1× 10−3 3× 105 18
K∗0K¯0 + c.c 1× 10−3 3× 105 2
ρ+ρ− 6× 10−6 (7× 10−3) 1500 (2× 106) 0.004 (7)
K∗+K∗− 2× 10−3 6× 105 1
K∗0K¯∗0 2× 10−3 5× 105 25
Υ(10580) + pi0 1× 10−7 (1× 10−4) 30 (30000) −
Υ(10580) + η 6× 10−5 (4× 10−8) 18000 (10) −
Υ(10580) + η′ 6× 10−6 (5× 10−9) 1800 (1) −∑
f
BΥ(10580)→f 0.012 (0.016) ∼ 4× 10
6 (∼ 5× 106) −
BΥ(10580)→3gluons 6× 10
−4
− −
6where V = ψ(3770) (or Υ(10580)); P (P ) = D(D) (or B(B)); where vP is velocity of P (or P ) in c.m. system; IX
and IV are the isotopic spins of X and V , respectively; cP± takes into account electromagnetic interaction between
P+ and P−;
∑
X σP
(
P 0P 0 → X
)
is the total annihilation cross-section P 0P 0 → X in the P wave with IX=0, or 1.
When deriving Eq. (21) terms of order
(
vnP± − vnP 0
)
are neglected in
∑
X
σP
(
P+P− → X) /∑
X
σP
(
P 0P 0 → X
)
, (22)
where n=1, 2, ...; vD± ≈ 0.128 and vD0 ≈ 0.147; vB± ≈ 0.064 and vB0 ≈ 0.063.
The factors of suppression of the foreign isotopic spin (−1)IX+IV = −1 in Eq. (21)
d =
[
1− |cD± |2 × (vD±/vD0)3
]2
/
[
1 + |cD± |2 × (vD±/vD0)3
]2
≈ 0.04 (23)
and
b =
[
1− |cB± |2 × (vB±/vB0)3
]2
/
[
1 + |cB± |2 × (vB±/vB0)3
]2
≈ 0.0008 (24)
at cP± = 1.
So, measuring the total branching ratios of the decays of ψ(3770) and Υ(10580) into light hadrons gives informa-
tion about the P wave annihilation cross-sections of DD and BB into light hadrons with the proper isotopic spin
(−1)IX+IV = 1. At present experiment allows to the value of ∑X Bψ(3770)→X to be up to 10% [9].∑
X
B
ψ(3770)→D+D−+D0D0→X = 1% and
∑
X
B
Υ(10580)→B+B−+B0B0→X = 1% (25)
correspond ∑
X
σP (D
0D0 → X) ≈ 1.5mb and
∑
X
σP (B
0B0 → X) ≈ 0.64mb , (26)
respectively. Note that
∑
X σP (D
0D0 → X) ∼ vD0 and
∑
X σP (B
0B0 → X) ∼ vB0 .
IV. COULOMB CORRECTIONS
Current experiment [10, 11] allows to draw a conclusion about the electromagnetic corrections ( the |cP± |2 factors).
CLEO gives
rexD = σ(e
+e− → D+D−)/σ(e+e− → D0D0) = 0.776± 0.024+0.014−0.006 (27)
at Ecm = 3773 MeV. The theoretical prediction at cD± = 1 is
rthD = 0.6913± 0.0085 . (28)
So, experiment [10] gives
|cexD± |2 = rexD /rthD = 1.123± 0.033+0.02−0.01 , (29)
that does not contradict the point like electromagnetic correction [12]
|cthD± |2 ≈ 1 +
απ
2vD±
= 1.086± 0.001 . (30)
Note that Eq. (29) leads to the additional suppression in Eq. (23): d→ 0.02. As for cB± , one can get an information
about this in indirect way from BABAR [11]
B
Υ(10580)→B0B0 = 0.487± 0.010(stat)± 0.008(sys) . (31)
Supposing the two channel dominance Υ(10580)→ B+B− , B0B0, one can get the theoretical predictions
B1th
Υ(10580)→B0B0 = 0.489± 0.010 (32)
7at c1thB± = 1 and
B2th
Υ(10580)→B0B0 = 0.448± 0.010 (33)
at the point like electromagnetic correction
|c2thB± |2 ≈ 1 +
απ
2vB±
= 1.178± 0.004 . (34)
So, there is good agreement between the data Eq. (31) and the calculation without an electromagnetic correction Eq.
(32), at the same time there are three standard deviations between the experiment value Eq. (31) and the calculation
taking into account the point like electromagnetic interaction Eq. (33). This can be considered as an evidence for the
role of the B+(B−) structure [13] ( or violation of isotopic symmetry for the coupling constants gΥ(10580)D+D− and
g
Υ(10580)D0D0
). The factor |cB± |2 = 1.08 would give BΥ(10580)→B0B0 = 0.469 consistent with experiment within one
standard deviation. Note that |cB± |2 = 1.08 leads to the increase in Eq. (24): b→ 0.0044. Whereas Eq. (34) would
lead to the increase in Eq. (24): b→ 0.0119.
Note that the correction factors Eq. (30) and (34) result, respectively, in suppressing by the factor of 0.6 of the
ψ(3770) decays with foreign isospin Table I, which is beyond the accuracy of the calculation, and in enhancing by the
factor of 17 of the analogous processes of the Υ(10580) decays in Table II. This follows from the replacement of the
factor r∓ Eq. (9) by the modified factor
rmodified∓ =
gψ(3770)DD
6πm3ψ(3770)
· (q3D+D− × |cthD± |2 ∓ q3D0D¯0) (35)
and the analogous replacement in the case of Υ(10580).
V. CONCLUSION
The inclusive background at ψ(3770) is
σ
(
e+e− → uu¯+ dd¯+ ss¯ , √s = 3770MeV) ≈ 1.22 · 10−32 cm2 , (36)
the signal is ∑
X
σ
(
e+e− → ψ(3770)→ X) ≈ 1.19 ·Bψ(3770)→X · 10−32 cm2 . (37)
The inclusive background at Υ(10580) is
σ
(
e+e− → uu¯+ dd¯+ ss¯ , √s = 10580MeV) ≈ 1.55 · 10−33 cm2 , (38)
the signal is ∑
X
σ
(
e+e− → Υ(10580)→ X) ≈ 3.77 · BΥ(10580)→X · 10−33 cm2 . (39)
So, the relation signal/background is better in exclusive decays in many cases, compare the tables I and II with the
ratios of Eq. (37) to Eq. (36) and Eq. (39) to Eq. (38).
The exclusive background is estimated as an incoherent one using the simple vector dominance model, see the tables
I and II. Certainly, the problem of the background should be discovered only in the way. Nevertheless it is clear even
now that the exclusive background is overvalued by a factor three in the ωπ0 mode and by a factor ten in the ρ0η
mode, see [14]. Note that interference effects can expand experimental possibilities.
So, the study of non-heavy-quark decays of heavy vector quarkonia promises the exciting cruise unless discovery
a new land (four-quark nature of ψ(3770) or Υ(10580), for example). But in any case Foundation of Low Energy
Physics of Charmed and Beauty hadrons will be laid.
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8APPENDIX
Here we outline the derivation of the contributions to the imaginary parts of the coupling constants g1,2,3 and G
standing in the V → V V¯ decay amplitude, where V = ψ(3770), Υ(10580), and V = ρ+,K∗+,K∗0. See Eqs. (18)
and (20). To be specific, let us choose the final state ρ+ρ− to discuss the details of the derivation. There are two
contributions to the amplitude of the reaction D+D− → ρ+ρ− due to the D and D∗ exchanges. They are:
M
(D)
D+D−→ρ+ρ− = 4g
2
ρ+D+D0
(qD+)µ(qD−)νρ
+
µ ρ
−
ν
m2D0 − t
exp[λD(t−m2D0)],
M
(D∗)
D+D−→ρ+ρ− = g
2
ρ+D+D∗0εµνλσεµ′νλ′σ′kµkµ′(qD+)λ(qD−)λ′ρ
+
σ ρ
−
σ′ ×
exp[λD∗(t−m2D∗0)]
m2D∗0 − t
, (A.1)
where k = qD+ − qρ+ , t = k2, and ρ±σ stands for the polarization four-vector of the final ρ± meson. The expressions
for the amplitude of the reaction D0D¯0 → ρ+ρ− are obtained from Eq. (A.1) by evident replacements. When finding
the contributions to the imaginary part of the ψ(3770)→ ρ+ρ− decay amplitude, one should express the polarization
four-vectors of moving ρ± mesons through the polarization three-vectors ξρ
±
in their respective rest frames:
(ρ±0 ,ρ
±) =
(
(q
±
ξρ
±
)
mρ
, ξρ
±
+
q±(q±ξρ
±
)
mρ(q
±
0 +mρ)
)
, (A.2)
where (qρ±)µ ≡ q±µ = (q±0 ,q±). Then the V → ρ+ρ− decay amplitude Eq. (18) in the rest frame of the decaying
vector meson V can be written as
MV→ρ+ρ− = g1(ξq
+)(ξρ
+
ξρ
−
) + g2
s1/2
mρ
(ξ−q+)(ξρ
+
ξ)− g3 s
1/2
mρ
(ξ+q+)(ξρ
−
ξ) +
G(ξq+)(ξ+q+)(ξ−q+), (A.3)
where ξ is the polarization three-vector of the decaying V , and G is given by Eq. (20). The results of integration
over intermediate state D+D− can be represented as the sum of contributions of the D and D∗ exchanges g1,2,3 =
g
(D)
1,2,3 + g
(D∗)
1,2,3 , G = G
(D) +G(D
∗), where
g
(D)
1 = NDA6,
g
(D)
2 = −g(D)3 = −
ND
s1/2(s1/2 + 2mρ)
[
A2 +mρ(s
1/2 +mρ)A5 −mρ(s1/2 + 2mρ)A6
]
,
G(D) =
ND
[mρ(s1/2 + 2mρ)]2
{
A3 + (2A1 + A4)mρ(s
1/2 +mρ)− 2mρ(s
1/2 + 2mρ)
(q+)2
×
[B2 +B5mρ(s
1/2 +mρ) +
1
2
B6mρ(s
1/2 + 2mρ) ]} ,
g
(D∗)
1 = ND∗
{
−
[
m2D∗
(s
2
−m2ρ
)
+
1
4
(
m2D∗ +m
2
ρ −m2D
)]
A4 +
1
2
(
s−m2ρ +m2D∗−
m2D
)
A1 − 1
4
A3 +
(s
2
−m2ρ
)
A6
}
,
g
(D∗)
2 = −g(D
∗)
3 =
mρND∗
s1/2
{[(s
2
−m2ρ
) s1/2 +mρ
s1/2 + 2mρ
+
s1/2
2mρ
(m2D∗ +m
2
ρ −m2D)
]
A5−
s1/2 +mρ
s1/2 + 2mρ
A2 −
(s
2
−m2ρ
)
A6
}
,
G(D
∗) = ND∗
{
A4
[
2m2D∗ −
s1/2(s1/2 +mρ)
mρ(s1/2 + 2mρ)
(m2D∗ +m
2
ρ −m2D)−
(s
2
−m2ρ
)
×
(
s1/2 +mρ
s1/2 + 2mρ
)2
− 1
2m2ρ
(m2D∗ +m
2
ρ −m2D)2
]
− A3
(s1/2 + 2mρ)2
+ 2A1 +
B5
(q+)2
×
9[
(s− 2m2ρ)
s1/2 +mρ
s1/2 + 2mρ
+
s1/2
mρ
(m2D∗ +m
2
ρ −m2D)
]
− 2B2
(q+)2
× s
1/2 +mρ
s1/2 + 2mρ
−
(
s1/2
2
−m2ρ
)
B6
(q+)2
}
. (A.4)
The normalization factors are
ND = 8gψ(3770)DD¯g
2
ρ0DD¯,
ND∗ = −gψ(3770)DD¯g2ρ0D∗D¯, (A.5)
where the quark model relations |gρ0D∗D¯| ≈ 12gωρpi ≈ 7.2 GeV−1, |gρ0DD¯| ≈ |gρ0KK | = 1√2 |gφKK | ≈ 3.3 should be
used. The coefficients Ai, i = 1...6 and B2,5,6 result from the integration over intermediate state D
+D− and look as
A1 =
|qD+ |2
8πs1/2|q+|
∫ 1
−1
x exp[2λD(aD + x)|qD+ ||q+|]dx ≈
λD|qD+ |3
6πs1/2
× exp
(
−1
2
λDs
)
,
A2 =
|qD+ |3
16πs1/2
∫ 1
−1
(1− x2) exp[2λD(aD + x)|qD+ ||q+|]dx ≈
|qD+ |3
12πs1/2
× exp
(
−1
2
λDs
)
,
A3 = −|qD+ |
3
4πs1/2
∫ 1
−1
x(aD + x) exp[2λD(aD + x)|qD+ ||q+|]dx ≈ −
|qD+ |3
6πs1/2
×
exp
(
−1
2
λDs
)
×
(
1− 1
2
λDs
)
,
A4 = − |qD+ |
16πs1/2|q+|2
∫ 1
−1
x
aD + x
exp[2λD(aD + x)|qD+ ||q+|]dx ≈
2|qD+ |3
3πs5/2
×
exp
(
−1
2
λDs
)
×
(
1 +
1
2
λDs
)
,
A5 = − |qD+ |
2
32πs1/2|q+|
∫ 1
−1
1− x2
aD + x
exp[2λD(aD + x)|qD+ ||q+|]dx ≈
|qD+ |3
6πs3/2
×
exp
(
−1
2
λDs
)
,
A6 = − |qD+ |
3
32πs1/2|q+|2
∫ 1
−1
x(1− x2)
aD + x
exp[2λD(aD + x)|qD+ ||q+|]dx ≈
2|qD+ |5
15πs5/2
×
exp
(
−1
2
λDs
)
×
(
1 +
1
2
λDs
)
,
B2 =
|qD+ |3
16πs1/2
∫ 1
−1
(3x2 − 1) exp[2λD(aD + x)|qD+ ||q+|]dx ≈
λ2D|qD+ |5s1/2
60π
×
exp
(
−1
2
λDs
)
,
B5 = − |qD+ |
2
32πs1/2|q+|
∫ 1
−1
3x2 − 1
aD + x
exp[2λD(aD + x)|qD+ ||q+|]dx ≈ −
4|qD+ |5
15πs7/2
×
exp
(
−1
2
λDs
)
×
[
1 +
1
2
λDs+
1
2
×
(
1
2
λDs
)2]
,
B6 = − |qD+ |
3
32πs1/2|q+|2
∫ 1
−1
x(5x2 − 3)
aD + x
exp[2λD(aD + x)|qD+ ||q+|]dx ≈
8λD|qD+ |7
35πs5/2
×
exp
(
−1
2
λDs
)
×
(
1 +
1
4
λDs
)
. (A.6)
Here
aD =
2m2ρ − s
4|qD+ ||q+|
, (A.7)
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and the approximate equality of the slopes of the D and D∗ exchanges λD∗ ≈ λD is supposed. The approximate
equalities in Eq. (A.6) are valid in the threshold situation. One should have in mind that mD∗ ≡ mD∗0 , mD ≡ mD+
in Eqs. (A.4), (A.6). To obtain the contribution of the intermediate state D0D¯0 one should make the replacement
mD∗ → mD∗+ , mD → mD0 in the above expressions. To get the final expressions, one should take, respectively, the
sum (difference) of the D+D− and D0D¯0 contributions in the case of the conservation (violation) of isospin in the
course of the decay.
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